The fission illusion is induced by multisensory (audio-visual) integration. In the present study, we assume that perceptual efficiency affects the fission illusion's rate because this illusion occurs in a short temporal range through the integration of visual and auditory information. The present study examined the effect of perceptual efficiency on the fission illusion by presenting visual patterns with various degrees of complexity. The results indicated that it was more difficult to induce the fission illusion when more complex visual patterns were used. The effect of pattern on the illusion differed according to the stimulus onset asynchrony between the first visual stimulus and the second auditory stimulus. These results suggest that the fission illusion has a higher probability of occurring when the perceptual process of the first visual stimulus is completed and integrated with the first beep before the presentation of the second beep. Thus, the audio-visual integration is affected by the perceptual efficiency of the physical stimuli.
Introduction
Humans perceive the outer environment by integrating information from multiple senses. Multisensory information tends to be integrated by optimizing the information provided by each sense (Alais, Newell, & Mamassian, 2010; Ernst & Banks, 2002) . The integration of multisensory information can reduce perceptual ambiguity (Sumby & Pollack, 1954) , which can serve as an important basis for stable and efficient perceptions. Multisensory integration is thought to consist of multifaceted phases. Talsma et al. (2010) proposed that an interactive influence occurs in unisensory processing, spatiotemporal realignment, congruency matching, and semantic analysis. Moreover, these authors suggested that perception is altered according to subsequent information, such that illusions are produced by multisensory integration when the perceptual processing of various physical inputs is adjusted through multisensory integration (Fig. 1) . For example, spatiotemporal realignment generally induces an attraction to the sound based on the location of the visual target (ventriloquism effect: Jack & Thurlow, 1973; Spence & Driver, 2000) , capturing the temporal timing of a visual target by temporal location of the auditory stimulus (temporal ventriloquism effect: Morein-Zamir, SotoFaraco, & Kingstone, 2003; Vroomen & de Gelder, 2004) , and producing the near-optimal combination of visual and auditory cues weighted by an inverse estimate of noisiness (Alais & Burr, 2004) .
Audio-visual integration has been studied as a component of multisensory integration, with recent studies examining how the auditory sense affects vision (for a review see Spence, 2007) . Many illusions reportedly result from audio-visual interactions (e.g., Hidaka et al., 2009; Takeshima & Gyoba, 2013) . One such illusion is the fission illusion: When a single flash is presented simultaneously with two beeps, the number of flashes is frequently perceived as two (Shams, Kamitani, & Shimojo, 2000; Shams, Kamitani, & Shimojo, 2002) . Audio-visual interaction also induces the stream/bounce phenomenon: Two identical visual targets moving across each other can be perceived to either bounce off or stream through each other. A brief sound at the moment the targets coincide biases perception toward bouncing (e.g., Sekuler, Sekuler, & Lau, 1997; Watanabe & Shimojo, 2001) . In this illusion, perception differs depending on whether the brief sound is presented or not in the ambiguous motion stimuli. In contrast to this phenomenon, in the fission illusion, illusory flashes that are not presented physically can be perceived by sounds. It should be noted that the fission illusion can be induced by unambiguous visual stimuli (Shams, Kamitani, & Shimojo, 2002) . Activities in the primary visual cortex are modulated by the fission illusion (Bhattacharya, Shams et al., 2001; Shams et al., 2005) . Specifically, V1 activity during the fission illusion is similar to that elicited by the presentation of two physical flashes (Watkins et al., 2006; Watkins et al., 2007) . This illusion is also strong and robust, making it resistant to feedback training (Rosenthal, Shimojo, & Shams, 2009; Shams, Kamitani, & Shimojo, 2002) .
The visual modality has generally low temporal resolution whereas the auditory modality generally has superior temporal resolution modality (Welch & Warren, 1980) . Therefore, auditory sensation tends to be more temporally dominant than visual sensation when each sensory signal occurs simultaneously. Thus, temporal auditory information compensates for the poor temporal resolution of vision. For example, visual flicker rate is altered by auditory flutter rate, and is known to be flutter-driven (e.g., Shipley, 1964; Wada, Kitagawa, & Noguchi, 2003) . Additionally, when visual flashes are presented in close temporal proximity, it is difficult to discriminate the number of flashes. In this case, by presenting auditory stimuli concurrently with visual stimuli, each visual stimulus is combined with each auditory stimulus and interpreted as a single audio-visual event. In the fission illusion, the first visual flash and the first auditory beep are integrated, and the illusory second visual flash is perceived according to a compensatory mechanism (Fig. 2) . Ambiguity brought on by information from one sensation is reduced by information from the other relative salient sensation. Thus, we assume that our stable perception is based on this sort of compensatory mechanism integrating multisensory information.
Perceptual efficiency refers to how effectively stimuli are processed. The complexity of visual stimuli is a critical determinant of perceptual efficiency (Markovic & Gvozdenovic, 2001) , and generally comprises their qualitative properties. However, some qualitative attributes, such as complexity, could be quantitatively defined by informational theory (Attneave, 1954) . The concepts of entropy and redundancy are included in this theory, which quantitatively defines complexity in terms of redundancy. Garner and Clement (1963) proposed the visual patterns by which complexity can be defined quantitatively according to variables related to redundancy. The result is an index named equivalent set size (ESS).
1 They produced the patterns by locating 5 dots in 3 Â 3 virtual matrix cells. ESS is the number of different patterns that can be obtained by rotational and/or reflective transformations of the original patterns; higher ESS values indicate higher complexity. The processing speed for complex visual stimuli is slower than for simple visual stimuli. For example, response time is longer for complex patterns than for simple ones in visual search (e.g., Makovski & Jiang, 2008; Markovic & Gvozdenovic, 2001; Rauschenberger & Yantis, 2006 ) and same-difference discrimination tasks (e.g., Garner & Sutliff, 1974; Howe, 1980; Markovic & Gvozdenovic, 2001) . Studies on encoding have also shown such a difference in processing times for simple and complex visual stimuli (Clement & Varnadoe, 1967; Garner & Sutliff, 1974; Rauschenberger & Yantis, 2006) . Moreover, complex visual stimuli have been associated with slow speeds of recognition on a delayed shape matching task (Kayaert & Wagemans, 2009 ). In the present study, we assumed that different processing speeds for complex and simple patterns would be observed in the relatively earlier stage of perceptual processing, not only in the stage for same-difference discrimination or delayed shape matching tasks used in the previous studies.
In the fission illusion, it is argued that the illusory second flash occurs by feedback from the auditory cortex to the visual cortex (Watkins et al., 2006; Watkins et al., 2007) . Then, the preceding visual input (i.e., the first flash) is reconstructed as an illusory second flash. That is, the first flash needs to be processed and integrated with the first beep before input of the second beep. Therefore, we hypothesized that it would be more difficult to induce the fission illusion by using complex visual stimuli than by using simple stimuli, because complex stimuli may be difficult to integrate with auditory stimuli owing to their slower speed of processing. The present study examined the relationship between the processing speeds for visual stimuli and the fission illusion. Experiment 1 showed the modulatory effect of pattern complexity on the fission illusion, and Experiment 2 ruled out a possible influence of pattern connectivity on the complexity effect. Additionally, in Experiment 3, we examined the relationship between the rate of occurrence of the fission illusion and the processing speed of visual stimuli. The processing time allowed for the first visual stimuli was varied.
Experiment 1
We examined the difficulty of inducing the fission illusion by using complex (ESS8) vs. simple (ESS4) visual patterns to show the modulatory effect of complexity on the illusion.
Method

Participants
Seven Tohoku University graduate and under graduate students (5 women and 2 men) participated. All participants reported having normal or corrected-to-normal vision and normal audition. None were informed of the purpose of the experiment except for one participant (the first author).
Apparatus
The stimuli were generated and controlled by means of a custom-made program written using MATLAB (MathWorks, Inc.), Cogent Graphics and 2000 toolboxes (www.vislab.ucl.ac.uk/ cogent.php) , and a PC (XPS720, Dell; OS: WindowsVista, Microsoft). The visual stimuli were displayed on a CRT-display (Diamondtron M 2 RDF223G, Mitsubishi; resolution: 1024 Â 768 pixels; refresh rate: 60 Hz). The auditory stimuli were conveyed through an audio interface (Edirol FA-66, Roland) and headphones (HDA200, Sennheiser). The simultaneity of the visual and auditory stimuli was confirmed by a digital oscilloscope (TS-80600, Iwatsu).
The experiment was conducted in a dark room with 39.1 dB (A) of background noise. The participants viewed the monitor proposed by Garner and Clement (1963) .
binocularly, with their heads stabilized on a chin rest, from a distance of 57 cm.
Stimuli
A black (0.6 cd/m 2 ) fixation cross and a visual pattern were presented in white (105.0 cd/m 2 ) on a gray (24.4 cd/m 2 ) background.
The visual patterns, which were based on those created by Garner and Clement (1963) , were produced by transforming the dots of the original patterns into squares. The side length of each square was 0.7°. Six patterns with both ESS4 and ESS8 were prepared (see Fig. 3 ). The patterns with ESS4 and ESS8 were regarded as low and high complexity patterns, respectively. The visual patterns were presented below the fixation point, and the distance between the center of the visual patterns and the fixation point was 7.0°. The duration of presentation of the visual stimuli was 17 ms. Auditory stimuli consisted of pure tones with 3.5 kHz frequency, volumes of 95 dB sound pressure level, and durations of 10 ms (including ramp times of 1 ms at the start and end of the sound wave envelope). The onset times of the visual and auditory stimuli were synchronized. The experiment followed a 2 (ESS; ESS4 or ESS8) Â 3 (beep; no-beep, 1 beep, or 2 beeps) design. No-beep indicates a lack of beep sounds, 1 beep means that a beep was presented in the first flash period, and 2 beeps indicates that beeps were presented twice (during both the first and second flash periods).
Procedure
The schematic of the trial design is shown in Fig. 4 . The trials were initiated by pressing the ''0'' key. Each consisted of 1000 ms of fixation followed by 17 ms and 10 ms presentations of the visual and auditory stimuli, respectively. Each participant completed 288 trials (24 repetitions per condition Â visual stimuli presented once or twice). When the visual and/or auditory stimuli were presented twice, the inter-stimulus interval was 33 ms (i.e., the stimulus onset asynchrony (SOA) between the first and second stimuli was 50 ms). The participants were instructed to report the number of flashes they perceived by pressing one of two keys: ''1'' and ''2'' for one and two flashes, respectively.
Results and discussion
The percentage of perception of 2 flashes was calculated under every condition; the results are shown in Fig. 5 . A two-way analysis of variance (ANOVA) with ESS and beep as within-subject factors was conducted for each flash presentation condition.
For the case of 1 flash, the main effect of ESS was significant (F(1, 6) = 8.94, p < .05, g 2 p = .60), indicating that the percentage of perception of 2 flashes was lower under ESS8 than ESS4 complexity. The main effect of beep was also significant (F(2, 12) = 99.44, p < .001, g 2 p = .94), as was the interaction between ESS and beep (F(2, 12) = 14.78, p < .001, g 2 p = .71). The simple main effect of beep was significant for both ESS values. Multiple comparisons (Ryan's method, used throughout experiments) verified that the percentage of perception for 2 flashes was higher for the 2 beeps than for the no-beep and 1 beep conditions (both ESS values: ps < .001), indicating that the presence of 2 beeps prompted frequent perception of 2 flashes. In contrast, the difference between the no-beep and 1 beep conditions was not significant (both ESS values: ps > .69), indicating that the addition of 1 beep did not induce the perception of an illusory flash. Additionally, the simple main effect of ESS was also significant in the 2 beeps condition (F(1, 18) = 37.90, p < .001, g 2 p = .68), indicating that the rate of perception of 2 flashes was lower for ESS8 than for ESS4 complexity.
When 2 flashes were presented, the main effects of ESS (F(1, 6) = 3.48, p = .11, g 2 p = .37) and beep (F(2, 12) = 1.15, p = .35, g 2 p = .16) were not significant. In addition, the interaction between ESS and beep was not significant (F(2, 12) = 1.26, p = .32, g 2 p = .17). These results indicate that the beeps did not affect the perceived frequency of flashes when the flash was presented twice.
When 1 flash was presented, the percentage of perception of 2 flashes was higher in the 2 beeps condition than in the other beep conditions; thus, the fission illusion can be confirmed to have occurred in the present experiment. However, the rate of perception of 2 flashes was high under every beep condition. These results indicated that participants could distinguish between one and two flashes, except in cases when the fission illusion was induced. The frequency of the fission illusion was modulated by ESS; the percentage of perception of 2 flashes was lower for ESS8 than for ESS4 complexity. We concluded that the illusory second flash was perceived because the first flash was processed and integrated with the first beep and interpreted as a single audio-visual event before input of the second beep. Therefore, we hypothesized that complex visual stimuli are difficult to integrate with auditory stimuli due to their slower processing speed. The present experimental results confirmed this hypothesis. Except for the results describing processing speed, these experimental results may be explained in terms of perceived durations. If the first flash duration of ESS8 is perceived as longer than that of ESS4, the processing of the second flash might overlap with that of the first flash; therefore, the illusory second flash was difficult to perceive. However, perceived duration does not modulate the fission illusion, as discrimination of the number of flashes was accurate when the visual stimuli were presented twice. If perceived duration affected the fission illusion, the discrimination of flash frequency would be inaccurate under the presentation of 2 flashes. Therefore, the processing speed of visual stimuli manipulates the fission illusion, but perceived duration does not.
Experiment 2
We reexamined the modulatory effect of stimulus complexity on the fission illusion by manipulating the connectivity of visual patterns in order to rule out any influence of pattern connectivity.
Method
Participants
Seven Tohoku University graduate and undergraduate students (5 women and 2 men), 3 of whom had not taken part in Experiment 1, participated in this experiment. All participants reported having normal or corrected-to-normal vision and normal audition. None were informed of the purpose of the experiment except for one participant (the first author).
Stimuli
The visual and auditory stimuli were the same as in Experiment 1.
Procedure
This experimental procedure was the same as in Experiment 1. However, the visual patterns presented were classified in terms of their connectivity (the number of the discrete parts of each visual stimulus; see Fig. 6 ). For each connectivity value, patterns were presented a total of 8 times. Among the patterns with ESS4, those with connectivity 1 (patterns consisting of 1 component) were each presented twice, and those with connectivity 2 and 3 (patterns consisting of 2 and 3 components, respectively) were each presented 8 times. Among the patterns with ESS8, those with connectivity 2 were each presented twice, and those with connectivity 1 and 3 were each presented 8 times.
Results and discussion
The percentage of perception of 2 flashes was calculated under every condition; the results are shown in Fig. 7 . Two-way ANOVAs with ESS and beep as within-subject factors were conducted separately for each flash presentation condition.
For the case of 1 flash, the main effect of ESS was significant (F(1, 6) = 12.79, p < .05, g 2 p = .68), indicating that the percentage of perception of 2 flashes was lower for ESS8 than for ESS4 complexity. The main effect of beep was also significant (F(2, 12) = 15.95, p < .001, g 2 p = .73), as was the interaction between ESS and beep (F(2, 12) = 10.68, p < .005, g 2 p = .64). The simple main effects of beep were significant for both ESS values. Multiple comparisons confirmed that the percentage of perception of 2 flashes was higher in the 2 beep condition than in the no-beep and 1 beep conditions (both ESS values: ps < .001), indicating that the presentation of 2 beeps prompted the perception of 2 flashes. The difference between the no-beep and 1 beep conditions was not significant (both ESS values: ps > .79), indicating that the presentation of a single beep did not induce illusory flash perception. Additionally, the simple main effect of ESS was significant in the 2 beeps condition (F(1, 18) = 30.70, p < .001, g 2 p = .63), indicating that the percentage of perception of 2 flashes was lower for ESS8 than for ESS4 complexity.
When 2 flashes were presented, the main effect of ESS was mar- We used stimuli that included 2 complexity types of visual patterns, presenting patterns with each connectivity value an equal number of times. When 2 flashes were presented, the percentage of perception of 2 flashes was high for every beep condition. The Fig. 6 . Classification of visual patterns in terms of their connectivity (the number of the discrete parts of each visual stimulus). The numbers in parentheses indicate the number of presentations of each pattern. The average connectivity values for the ESS4 and ESS8 patterns were 1.5 and 2.0, respectively. When each pattern was presented the same number of times, the connectivity of ESS8 patterns was higher than for ESS4 patterns. Therefore, each connectivity pattern was presented 8 times. percentage of perception of 2 flashes was higher for ESS8 than for ESS4 complexity in the 2 flashes condition; however, this difference was negligible. This result indicates that, in Experiment 2, participants were also able to distinguish between 1 flash and 2 flashes. Furthermore, the fission illusion occurred in this experiment because the percentage of perception of 2 flashes was higher in the 2 beeps condition than in other beep conditions when a single flash was presented. Additionally, it was more difficult to induce the fission illusion for ESS8 than for ESS4 visual patterns. These results replicate and extend those of Experiment 1. If the difference in frequency of the fission illusion had been induced by the connectivity of the patterns, then this frequency would have been almost the same in Experiment 2. Therefore, the frequency of the fission illusion depends on the complexity of the visual stimuli, not the connectivity of the patterns.
Experiment 3
We investigated whether the modulatory effect of complexity on the fission illusion arises from differences in processing speed between the visual patterns by manipulating the SOA between the first visual stimulus and the second auditory stimulus.
Method
Participants
Eight Tohoku University graduate and undergraduate students (5 women and 3 men), 3 of whom had not taken part in Experiments 1 and 2, participated in this experiment. All participants reported normal or corrected-to-normal vision and normal audition. None were informed of the purpose of the experiment except for one participant (the first author).
Stimuli
The visual and auditory stimuli used were the same as in Experiments 1 and 2. However, there were 3 conditions with different intervals between the first and the second flashes: 33 ms, 67 ms, or 100 ms (i.e., the SOAs between the first and second stimuli were 50 ms, 85 ms, or 117 ms, respectively). The experiment followed a 3 (SOA) Â 2 (ESS) Â 3 (beep) within-subject design.
Procedure
The procedure of this experiment was the same as that of Experiments 1 and 2. Each participant completed 864 trials (24 repetitions per condition Â visual stimuli presented once or twice).
Results and discussion
The percentage of perception of 2 flashes was calculated under every condition; the results are shown in Fig. 8 . Separate threeway ANOVAs with SOA, ESS, and beep as within-subject factors were conducted for each flash presentation condition.
For the case of 1 flash, the main effect of SOA was significant (F(2, 14) = 12.92, p < .001, g 2 p = .65). Multiple comparisons indicated that the percentage of perception of 2 flashes was higher in 50 ms SOA than in 85 ms and 117 ms SOA conditions (ps < .001). The main effect of ESS was also significant (F(1, 7) = 7.32, p < .05, g 2 p = .51), indicating that the percentage of perception of 2 flashes was lower for ESS8 than for ESS4 complexity. Moreover, the main effect of beep was significant (F(2, 14) = 15.48, p < .001, g 2 p = .69), as was the interaction between SOA and beep (F(4, 28) = 2.95, p < .05, g 2 p = .69). The simple main effect of beep was significant in each SOA condition. Multiple comparisons verified that the percentage of perception of 2 flashes was higher in the 2 beeps condition than in the no-beep and 1 beep (each SOA value: ps < .001), indicating that the presentation of 2 beeps prompted the perception of 2 flashes. Moreover, the simple main effect of SOA was also significant in the 2 beeps condition. Multiple comparisons indicated that the percentage of perception of 2 flashes was higher for the 50 ms SOA than for the 85 ms and 117 ms SOAs (ps < .001).
When 2 flashes were presented, the main effect of SOA was marginally significant (F(2, 14) = 2.96, p = .08, g 2 p = .30). The interaction between SOA and beep was significant (F(4, 28) = 5.31, p < .005, g 2 p = .43). The simple main effect of SOA was significant in the no-beep condition, and multiple comparisons indicated that the percentage of perception of 2 flashes was lower in the 50 ms SOA than in the 85 ms and 117 ms SOAs (ps < .05). Moreover, the simple main effect of SOA was also significant in the 1 beep condition, and multiple comparisons showed that the percentage of perception of 2 flashes was lower for the 50 ms SOA than for the 117 ms SOA (p < .005). Finally, the simple main effect of beep was significant for the 50 ms SOA, with multiple comparisons indicating that the percentage of perception of 2 flashes was higher for the 117 ms SOA than for the 50 ms and 87 ms SOAs (ps < .01).
When 1 flash was presented, the added presentation of 2 beeps prompted the perception of 2 flashes more than in the no-beep and 1 beep conditions and for every investigated value of SOA. The fission illusion also occurred in the present experiment. The percentage of perception of 2 flashes for the 50 ms SOA was higher than other SOA conditions. When the SOA was shorter, the frequency of the fission illusion was higher. These results are consistent with those of previous studies (Shams, Kamitani, & Shimojo, 2000; Shams, Kamitani, & Shimojo, 2002) showing that when the SOA was 50 ms and 2 flashes were presented, the percentage of perception of 2 flashes was higher than for other beep conditions. It is important to note that, in the present experiment, the number of trials was relatively large, and participants became tired and exhibited a corresponding drop in performance level. However, participants remained able to correctly distinguish 1 flash from 2 flashes on over 90% of the trials. To confirm the more particular relationships among SOA, ESS, and beep, we conducted separate two-way ANOVAs with ESS and beep as within-subject factors for each SOA value for the presentation of 1 flash. For the 50 ms SOA, there were significant main effects of ESS (F(1, 7) = 15.83, p < .01, g 2 p = .69) and beep (F(2, 14) = 17.66, p < .001, g 2 p = .71); there was also a significant interaction between ESS and beep (F(2, 14) = 3.81, p < .05, g 2 p = .35). The simple main effect of ESS was significant, and multiple comparisons indicated that the percentage of perception of 2 flashes was higher in the 2 beeps condition than in the no-beep and 1 beep conditions (both ESS values: ps < .001). The simple main effect of ESS was also significant in the 2 beeps condition (F(1, 21) = 16.85, p < .001, g 2 p = .45), indicating that the percentage of perception of 2 flashes was lower for the ESS8 than for the ESS4 complexity. However, the main effect of beep was significant for the 85 ms (F(2, 14) = 10.98, p < .005, g 2 p = .61) and 117 ms (F(2, 14) = 11.98, p < .001, g 2 p = .63) SOAs. Multiple comparisons indicated that the percentage of the perception of 2 flashes was higher in the 2 beeps condition than in the no-beep and 1 beep conditions (ps < .001), as for the 50 ms SOA. These results demonstrated that the fission illusion occurred under all SOA conditions. However, modulation by ESS of the rate of occurrence of the fission illusion by ESS (found in Experiments 1 and 2) was observed only for the 50 ms SOA condition.
The frequency of the fission illusion was modulated by the complexity of the visual stimuli in only the 50 ms SOA condition. In the 50 ms SOA condition, the percentage of perception of 2 flashes was lower for ESS8 than for ESS4 complexity. However, the percentage of perceiving 2 flashes under ESS8 and ESS4 were approximately equivalent in the 87 ms and 117 ms SOA conditions. When the temporal interval between the first flash and the second beep was 50 ms, the presentation of the second beep may have preceded the integration of the first flash with the first beep. Under such conditions, it was difficult to induce the fission illusion. The visual flash could be integrated with the first auditory beep when the temporal interval was longer than 50 ms. Integration of the first flash with the first beep is thus an important factor in the occurrence of the fission illusion.
General discussion
The present study examined the modulatory effect of the complexity of visual stimuli on the fission illusion. Experiment 1 revealed that it was more difficult to induce the fission illusion by using complex visual stimuli than by using simple visual stimuli. Experiment 2 revealed that the fission illusion depended upon the complexity of the visual patterns (as defined by ESS), not their connectivity. Experiment 3 revealed that the manipulation of the SOA between the first flash and the second beep affected the frequency of occurrence of the fission illusion similarly for both simple and complex visual stimuli. These results suggest that, for the fission illusion to occur, the first flash needs to be sufficiently integrated with the first beep before the second beep is presented.
The present results also suggest that the fission illusion cannot be induced by response bias. The frequency of occurrence of the fission illusion was modulated systematically by the complexity of the visual stimuli. If participants had responded to the number of flashes only according to the number of beeps, the differing frequencies of fission illusion would not have occurred for the different visual patterns. Therefore, it is improbable that the specificity of the obtained results was due only to response bias.
In the present study, the processing speed of the visual stimuli was controlled by manipulating the ESSs of the visual patterns presented. The results indicate that fission illusion occurrence depended on the complexity of the visual stimuli. The more complex stimuli likely processed more slowly due to higher loads on the visual system. Therefore, the integration of the visual stimulus with the auditory stimulus may have been delayed. Thus, the second beep may have been presented before the visual stimulus was fully integrated with the first beep. Consequently, in this case, the second beep would be processed separately from the complex visual stimulus, resulting in a reduced frequency of occurrence of the fission illusion.
Further, the results suggest that audio-visual integration and perceptual efficiency are closely related. The more complex visual stimuli tended to be integrated with auditory stimuli in later phases than were the simpler stimuli. These characteristics may also apply to other audio-visual interactions. In general, visual and auditory stimuli are perceived as being produced by the same event when the difference between their onset times is within the range of À130 to +250 ms (the minus sign indicates that auditory stimuli are presented before visual stimuli; Guski & Troje, 2003) . However, this range has been reported to vary according to the experimental design or individual differences between participants (e.g., Shams, Kamitani, & Shimojo, 2002 ; À115 to +115 ms; Takeshima & Gyoba, 2013: À100 to +100 ms). Our results add to these findings by showing that the range can vary depending on the complexity of the visual stimuli. In other words, perceptual efficiency is also one of the important factors determining the width of the temporal window necessary for audio-visual integration.
Previous research suggests that perception of the illusory flash is caused by a vision-vision interaction (Chatterjee, Wu, & Sheth, 2011; Wilson & Singer, 1981) . Prior studies have shown that the presentation of multiple visual inducers increases the number of perceived visual target as a fission illusion. When the signal propagates from the neurons that respond to the inducer location, it influences the neurons that respond to the target location and illusory flashes are perceived through vision-vision interaction (Chatterjee, Wu, & Sheth, 2011) . Illusory flashes are perceived when the target and inducers are of opposite contrast polarity (Chatterjee, Wu, & Sheth, 2011) , an effect that would be less related to the processing of object features. The study of audio-visual integration in the fission illusion would benefit from specific investigations focused on the different processes and mechanisms for audio-visual integration and vision-vision interactions.
One of the most important roles of multisensory integration is to generate stable and efficient perceptions. The present results indicate that the processing speed of each sensation has a significant effect on multisensory integration. We conclude that stimuli processed slowly become more difficult to integrate with other sensory information than do stimuli processed more quickly. However, the relationship between multisensory integration and perceptual efficiency has not been precisely examined. Therefore, future investigations of multisensory phenomena should include systematic manipulation of stimulus complexity and processing speed.
